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LETTERS TO THE EDITOR
Human Melanoma Cell Migration Along Capillary-Like
Structures In Vitro: A New Dynamic Model for Studying
Extravascular Migratory Metastasis
To the Editor:
Our studies on cutaneous melanoma have demonstrated a tumor±
endothelial cell interaction that has not been previously recognized.
Using immunohistochemistry and electron microscopy, we have
found in human and experimental melanomas that the tumor cells
do not cross the vascular basement membrane matrix but rather
spread along the abluminal surface of vessels, in close association
with endothelial cells. This association between endothelial cells
and melanoma cells is termed the angio-tumoral complex (Lugassy
et al, 1997, 1998, 1999a). In the angio-tumoral complex, melanoma
cells occupy a pericytic location on the outside of the endothelium
without any evidence of intravasation. The endothelial cell and the
melanoma cell associate via an amorphous material containing
predominantly laminin (Lugassy et al, 1997, 1998, 1999a). Using
immunhistochemistry, expression of the laminin b-2 chain is
observed in an angiocentric pattern around melanoma tumor
microvessels (Lugassy et al, 1999b). Given the role of speci®c
laminins in angiogenesis, protease induction, migration, and
metastasis (Malinda and Kleinman, 1996), we have suggested
another mechanism of tumor spread in which tumor cells migrate
in a pericytic location along the abluminal surface of the
endothelium, or along other anatomical structures (Lugassy et al,
1998, 1999b). This potential mechanism of migration is termed
extravascular migratory metastasis, as distinct from intravascular
dissemination. Such an extravascular migratory metastasis, which
has analogies with the migration of neoplastic glial invasion of the
nervous system (Holland, 2001), may be a mechanism by which
some cells spread to nearby and even distant organs.
Endothelial cells are capable of aggregating in vitro to form
capillary-like structures (Kubota et al, 1988), which contain a lumen
surrounded by endothelial cells attached to one another by
junctional complexes. In order to study the relationships between
human melanoma cells and the endothelium, we report here an
in vitro model testing the behavior of melanoma cell lines cultured
in the presence of such capillary-like structures, as a potential in vitro
system for studying the angio-tumoral complex.
The immortalized human microvascular endothelial cell line
HMEC-1 (Ades et al, 1992) was cultured in MCDB 131 medium,
with 10% fetal bovine serum, 2 mM L-glutamine, 1% penicillin±
streptomycin, 1 mg per ml hydrocortisone, and 10 ng per ml
human recombinant epidermal growth factor. Endothelial mono-
layers were harvested with trypsin, counted, and resuspended in
100 ml of the endothelial cell medium prior to the culture on
Matrigel. Plates (96 wells) were coated with 70 ml of Matrigel
(10 mg per ml; Collaborative Biomedical Products, Bedford, MA)
and incubated at 37°C for 30 min to promote gelling. 12,000
human endothelial cells (HMEC-1) were added to each well. The
endothelial cells form connected tubules representing capillary-like
structures within 24 h. Five human melanoma cell lines were
isolated from metastatic melanoma from different patients. Cells
from each melanoma cell line (2 3 103) were then plated in the
presence of these newly formed vascular tubules (®ve wells for each
cell line). Time-lapse video microscopy (one picture every 20 min)
recorded migrating cells during the next 24 h. As a control,
melanoma cells were plated on Matrigel alone (®ve wells for each
cell line). In some experiments, tumor cells were preincubated for 1
h with the ¯uorescent vital stain Calcein, AM (Molecular Probes,
Eugene, OR) (®ve wells for each tumor type).
After 1 h, both the melanoma cells plated in the presence of the
capillary-like structures and the melanoma cells plated on Matrigel
alone were randomly attached to Matrigel throughout the well.
After 6 h, 30%±50% of tumor cells had migrated to and were
elongated along the endothelial tubules (Fig 1). After 24 h, all
melanoma cells from the different melanoma cell lines were
localized along the external surface of the vascular tubules,
occupying a pericytic-like location in a pattern analogous to the
angio-tumoral complex. Time-lapse video microscopy con®rmed
the migration of melanoma cells toward endothelial tubules. The
same experiment repeated with melanoma cells that were
preincubated with the ¯uorescent vital stain con®rmed the
pericytic-like angiotropism of the ¯uorescent melanoma cells
along the tubules formed by the endothelial cells (Fig 1). The
melanoma cells plated on Matrigel alone exhibited rounded or
elongated shapes, with, in some cases, nests of partially connected
cells (not shown).
Normal human melanocytes cultivated from skin also migrated
toward the endothelial tubules. Once along the tubules, they also
occupied a pericytic location. After 24 h, between 60% and 80% of
these cells were elongated along the tubules, versus 100% of
melanoma cells (not shown). In order to test the speci®city of
melanocytes for angiotropism, we studied a nontumorigenic
prostate epithelial cell line RWPE-1 (Webber et al, 2001) and a
highly invasive prostate cell line DU145. These two prostate cell
lines did not migrate toward the endothelial tubules, and therefore
did not exhibit angiotropism. Interestingly, new endothelial tubules
progressively sprouted in the direction of the prostate cells. After
24 h, between 40% and 60% RWPE-1 nontumorigenic prostate
cells were reached by new endothelial tubules, but the prostate cells
remained round even in contact with the tubules (Fig 2). In
contrast, between 60% and 80% DU145 invasive prostate cells were
reached by new endothelial tubules after 24 h, and these invasive
prostate cells were elongated along the tubules in a pericytic
location similar to the melanoma cells (not shown).
The mechanisms involved in vessel formation have yet to be
elucidated, but observations indicate that the primordial endothe-
lium can recruit undifferentiated mesenchymal cells and direct their
differentiation into pericytes in microvessels, and smooth muscle
cells in large vessels (Hirschi et al, 1998). As invasive tumor cells are
known to exhibit morphologic and biologic properties character-
istic of mesenchymal cells, invasive melanoma cells may compete
with pericytes for the endothelial cell surface (Lugassy et al, 1997,
1998). Because of the mesenchymal, neural crest origin of
melanocytes, it is not surprising that normal melanocytes, as well
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as melanoma cells, migrate toward the endothelial tubules. In vivo
normal melanocytes, however, as well as melanocytes from benign
nevi, are not in direct contact with vascular basement membranes
(Lugassy et al, 1997). In contrast, both malignant and nonmalignant
prostate cells did not migrate toward the endothelial tubules, i.e.,
did not exhibit angiotropism. These results suggest the speci®city of
melanoma angiotropism in this model.
These preliminary observations of pericyte-like angiotropism of
melanoma cells in vitro support the in vivo observation of melanoma
cells along the abluminal, mesenchymal surface of vessels, i.e.,
extravascular migratory metastasis in vivo. This in vitro dynamic
model could assist in elucidating the molecular interactions in
extravascular migratory metastasis in vivo, with the goal of
identifying and testing new therapeutic approaches.
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Figure 1. Human melanoma cells plated in the presence of
capillary-like structures after an interval of 6 h. (a) The arrows
show an endothelial tubule. (b) The ¯uorescent staining con®rms the
tumor origin of the cells along the outside of the endothelial tubule.
Note (1) two round tumor cells some distance from the endothelial
tubules; (2) two tumor cells elongated along an endothelial tubule.
Figure 2. Nontumorigenic epithelial prostate cells (RWPE-1)
plated in the presence of capillary-like structures after 24 h. Note
that (1) 50% of the RWPE-1 cells are associated with the endothelial
tubules and 50% are distant from the tubules; (2) the RWPE-1 cells
remained round on the tubules; (3) a new endothelial tubule (black arrow
in a) not labeled by the ¯uorescent staining (white arrow in b) is sprouting
toward a prostate cell.
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